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IntroductionIntroduction andand motivationmotivation

RecurrentRecurrent problemproblem in nonin non--perturbativeperturbative QCD:QCD:
NEED FOR A QFT FOR MESONS  (ρ, K*, a1, f0,… D,B)

A A wayway toto affordafford thethe problemproblem::
• Large-NC framework:  

quark loops suppressed meson loops suppressed

• Perturbative calculation within a 1/NC expansion:
Systematic contruction of a QFT for mesons

• QCD long-distance Implementation of chiral symmetry: 
We need a chiral theory for resonances (RχT)

• Interconnection of low/high-energy QCD through RχT:  
Predictions for the RχT and χPT coupling
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• At low energies:  χPT coupling L8 (quark mass <-> pGoldstone mass )

We focus the attention on the  SS-PP with I=1   [ArXiv: hep-ph/0610290, hep-ph/0610304]

{ }∫ 4 iqx Π(t)   = i dx   e  T q q(x)   q q(0)  Γ Γ †

Study of 2-point Green-functions
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1. Construction of a chiral lagrangian for resonances (RχT)

2. Calculation of form-factors at LO 

3. Derivation of Π(t) at NLO  (dispersive relations)

4. Matching OPE at NLO

5. Recovery of χPT at NLO

PROGRAM:

Tree-level

1-loop

1-loop

1-loop
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ReminderReminder aboutabout

thethe LeadingLeading OrderOrder

in 1/Nin 1/NCC
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ProgramProgram

forfor calculationscalculations

atat NLO in 1/NNLO in 1/NCC
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• Large NC U(nf) multiplets

• Goldstones from SχSB (π,K,η8,η0)

• MHA: First resonance multiplets (V,A,S,P)

• Chiral symmetry invariance

• Just O(p2) operators

(2) ∑ ∑ ∑L L L L L
1 1 2 1 2 3

1 1 2 1 2 3

R T PT R R ,R R ,R ,R
R R ,R R ,R ,R

=   +   +       + + ...  χ χ

IngredientsIngredients ofof
a a ResonanceResonance ChiralChiral TheoryTheory ((RRχχTT))

[ Ecker et al.’89], [Knecht & de Rafael’98]
…

1.
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……
… [Moussallam’95], [Knecht & Nyffeler’01]

[ Cirigliano et al.’06]
[Pich,Rosell & SC, forthcoming 06]

[ Ecker et al.’89]

[ Weinberg’79]

couplings λi
RR, λi

RRR

∑ ∑1 2 1 2 3
1 2 1 2 3

R ,R R ,R ,R
R ,R R ,R ,R

    + L L

[ Gasser & Leutwyler’84]

[ Gasser & Leutwyler’85]
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Vanishing Pion form factor
[Brodsky & Lepage’79]

This same behaviour is demanded to

Stringent constraints on the form-factors

and resonance couplings λj

in terms of MS,MP,MV,MA

2.
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Form-factors  at LO in 1/NC: 

Spectral function at NLO
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3. Recontruction of Π(t)  from Im Π(t)  

through an unsubtracted dispersion relation:
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One-loop diagrams(UV) Renormalized counter-terms

∫ ∫v
Rπ π+
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2 i t' - t t' - t

[Rosell, Pich & SC’04], [Rosell et al.’05]
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4. Matching RχT and OPE  up to NLO in 1/NC:

• Matching the whole Π(t) to OPE leads to 

-No                term   

-1st and 2nd WSRs modified by terms NLO in 1/NC:
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• High energy limit of one-loop contributions:
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5. Recovery of χPT at the one-loop level:

• Chiral symmetry ensures the right low-energy dynamics 

(governed by χPT):

-Proper non-analytic ln(-t)  structure

-Proper running of the LECs
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Prediction for  L8
r(µ)  at any  µ

E.g., for µo=770 MeV:   
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ConclusionsConclusions
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• Chiral symmetric resonance lagrangian (RχT):

Essential to recover low-energy QCD  (χPT)

• 1/NC expansion:

Systematic expansion to compute loops with heavy particle

• Matching to high-energy QCD:  

Predictions for (renormalized) RχT and  χPT

• WE WANT A REAL QFT FOR MESONS 
(not just narrow-width or Breit-Wigner ansate)  !!!


